Abstract. Tardigrada are invertebrates which are able to survive unfavorable conditions of the environment by e.g. encystation. Histolysis of the animal tissues during encystation has been suggested for many species of Tardigrada, while it has not been observed in Dactylobiotus dispar. The midgut epithelium plays a role in digestion, secretion, absorption and even in osmoregulation. During encystation in D. dispar the digestion is inhibited, and the midgut lumen is devoid of nourishment. Numerous lipid droplets, vesicles, and multivesicular bodies accumulate in the cytoplasm of epithelial cells. We described the ultrastructure of the midgut epithelium in encysted specimens of D. dispar.
INTRODUCTION
Tardigrada (water bears) are small, segmented animals closely related to the arthropods. They are widespread in terrestrial, freshwater and marine habitats (DEWEL et al., 1993; KINCHIN, 1994) . The water bears are able to survive in extreme environments that would kill almost any other animal. They can survive temperatures close to absolute zero and temperatures as high as 150°C. Tardigrada can withstand 570,000 rads of x-radiation (MAY, 1948) . Many species are capable of forming resistant cysts. Encystation protects them against unfavorable effects of environmental conditions (WÊGLARSKA, 1957; SZYMAÑSKA, 1995) . Metabolism in cysts is higher than that observed in tuns, but much lower than that described in active animals (PIGOÑ and WÊGLARSKA, 1953) . Early observations on cysts suggested complete histolysis of the animal tissues (MURRAY, 1907; HEINIS, 1910) . According to WÊGLARSKA (1957) such histolysis did not occur during encystation in D. dispar.
Information on the ultrastructure of the midgut epithelium in Tardigrada is rather scanty and it mainly refers to active animals. It remains unkown what processes take place in the midgut epithelial cells of encysted specimens. Therefore the aim of our study was to analyze the ultrastructure of the midgut epithelium of D. dispar cysts.
MATERIAL AND METHODS
The animals for investigation originated from the laboratory culture of D. dispar (MURRAY, 1907) (Tardigrada: Eutardigrada). Cysts were fixed in 2.5% glutaraldehyde in 0.1M phosphate buffer at pH 7.4 (2 h at 4°C) and postfixed in 1% OsO 4 (2 h at room temperature). After dehydration in alcohol series (50%, 70%, 90%, 95%, and 100%, each for 15 min) and acetone (15 min) the material was embedded in Epon 812. Semi-and ultra-thin sections were cut on a Leica Ultracut UCT25 ultramicrotome. Semi-thin sections were stained with 1% methylene blue in 1% borax and examined with an OLYMPUS BX60 light microscope. Ultra-thin sections were stained with uranyl acetate and lead citrate. They were examined with a Hitachi H500 transmission electron microscope.
Cysts after fixing with 2.5% glutaraldehyde (2 h), postfixing with 2% OsO 4 (2 h), and dehydration in a graded series of alcohols (30, 50, 70, 80, 90, 95 , and 100% each for 10 min) and acetone (10 min), were dried at critical point Pelco CPD2 and coated with gold in a Pelco SC-6 duster. These preparations were examined with a Tesla BS340 scanning electron microscope.
RESULTS
Midgut of encysted specimens of D. dispar ( Fig. 1 ) is situated centralventrally. The ovary adheres to its dorsal side. The lumen of the midgut, devoid of nourishment, is extremely narrow (Fig. 2) . Therefore pro-, meso-and metamesenteron are not distinguishable.
Midgut epithelium is composed only of epithelial cells. Regenerative cells are not present. Basal membrane of epithelial cells forms numerous folds with Figs. 2 and 3. Midgut epithelium. Lumen of the midgut (ml) is extremely narrow and devoid of nourishment. Microvilli (mv), lipid droplets (l), rough endoplasmic reticulum (RER). Fig. 2 . TEM, bar = 1.21 mm, Fig. 3 . TEM, bar = 0.63 mm. many cisterns of rough endoplasmic reticulum and free ribosomes among them (Fig. 3) . In the perinuclear cytoplasm, numerous Golgi complexes and abundant rough and smooth endoplasmic reticulum occur. The nucleus assumes a lobular shape and possesses heterogenic nucleolus (Fig. 4) . The apical cytoplasm is poor in cisterns of endoplasmic reticulum, but it is rich in small vesicles of electron lucent content. Such vesicles open into the midgut lumen, where they discharge their contents (Fig. 5) . The vesicles of electron dense interior and large vacuoles resembling multivesicular bodies (Figs. 5, 6 ) are also present in the apical cytoplasm. Apical membrane forms numerous microvilli, which protrude into the narrow midgut lumen. The entire cytoplasm is rich in lipid droplets of different size, but there are only few mitochondria.
DISCUSSION
The alimentary tract of Tardigrada is composed of foregut, midgut and hindgut (PIRCH and GREVEN, 1994) . The midgut is the region responsible for digestion, secretion and additionally -in Heterotardigrada -for excretion and osmoregulation (GREVEN, 1976; DEWEL et al., 1988 DEWEL et al., , 1993 .
The midgut epithelium of analyzed species of Tardigrada is formed by epithelial cells placed on the non-cellular basal lamina (KRISTENSEN, 1976; PIRCH and GREVEN, 1994; AVDONINA et al., 2007) . No regenerative cells were described (GREVEN, 1976) , but some studies revealed that the crescent-like cells of the anterior midgut were able to proliferate (BERTOLANI, 1970) . In many water bears epithelial cells vary in size and shape, depending on the function (PIRCH and GREVEN, 1994) . In Dactylobiotus dispar the midgut epithelium is also composed only of epithelial cells, which as structurally different, forming three distinct regions: pro-, meso-and metamesenteron (Z¥BCZYK, 2000) . Our studies revealed that during encystation, when the midgut lumen is devoid of nourishment, the midgut epithelium shrinks, becomes pleated and contractile, so it is difficult to distinguish all the above-mentioned midgut regions. It is also difficult to identify crescent-shaped cells of promesenteron described in D. dispar by Z¥BCZYK (2000) and in some other water bears (BERTOLANI, 1970; GREVEN, 1976; PIRCH and GREVEN, 1994) .
Z¥BCZYK (2000) observed small amounts of lipid droplets in the cytoplasm of midgut epithelial cells in D. dispar, while during encystation (our studies) numerous lipid droplets are gathered. The participation of midgut epithelial cells in lipid storage was described in e.g. Echiniscus testudo (PIRCH and GREVEN, 1994) and Isohypsibius augusti (GREVEN, 1976) . However it was suggested that lipids were accumulated in epithelial cells of well-nourished specimens (GREVEN, 1976) . Nevertheless such numerous lipid droplets, Golgi apparatus and cisterns of endoplasmic reticulum accumulated in the cytoplasm of midgut epithelial cells of analyzed species during encystation suggest the intense synthesis of lipids, which are used in case of absence of food. WÊGLARSKA (1957) described the accumulation of lipid droplets and glycogen in the storage bodies during encystation of D. dispar. She states that cysts are formed in order to survive a period of hunger and when this period is prolonged, entire storage bodies might be resorbed. Just encysted specimens have much more lipids and glycogen than active specimens.
Accumulation of numerous small vesicles opening into the midgut lumen, vesicles with electron dense content and vacuoles, which might be treated as the multivesicular bodies, seems to confirm the participation of the midgut epithelium in gathering nutritive substances (Z¥BCZYK, 2000) . During encystation the midgut epithelium together with storage bodies must play a role in accumulation of lipids and polysaccharides, which are supplied to all tissues and organs (WÊGLARSKA, 1957) . Numerous Golgi complexes and cisterns of endoplasmic reticulum suggest intense processes of their synthesis. The small number of mitochondria implies slow transport of substances, which are accumulated in vesicles and multivesicular bodies. However, exocytosis is observed even during the encystation and probably makes it possible to remove products of digestion from the cytoplasm to the midgut lumen.
ULTRASTRUKTURA NAB£ONKA JELITA RODKOWEGO NIESPORCZAKA DACTYLOBIOTUS DISPAR (TARDIGRADA: EUTARDIGRADA) W TRAKCIE ENCYSTATCJI.
Niesporczaki nale¿¹ do bezkrêgowców, które zdolne s¹ prze¿yae niekorzystne warunki rodowiska, miêdzy innymi dziêki encystacji. Dla wielu gatunków opisana zosta³a histoliza narz¹dów wewnêtrznych w trakcie encystacji, podczas gdy proces ten nie zachodzi u D. dispar. Jak wiadomo nab³onek jelita rodkowego odpowiada za trawienie, sekrecjê, absorpcjê, a nawet za osmoregulacjê. W trakcie encystacji osobników D. dispar procesy zwi¹zane z trawieniem ulegaj¹ spowolnieniu, a wiat³o jelita pozbawione jest mas pokarmowych. Liczne krople lipidowe, pêcherzyki oraz cia³a wielopêcherzykowe gromadzone s¹ na terenie cytoplazmy komórek epitelialnych. Nab³onek jelita rodkowego u encystowanych osobników D. dispar zosta³ opisany na poziomie mikroskopii elektronowej.
